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D. EVALUATION RESULTS 

Table 1 shows results of the fourteen samples taken for nitrous oxide. 
Calculations show one veterinarian was exposed to eiqht-hour time 
average concentrations of 34 and 33 ppm on two days of sampling, and an 
anesthetic technician was exposed to 57 and 32 ppm. These averages assume 
that these people spent the unsampled portion of their day in areas 
of very low nitrous oxide concentration, as was observed to be the case. 

Direct monitoring of nitrous oxide durinq two procedures on August 24 
indicated concentrations. Listed below are segments of a canine 
hysterectomy performed in the large operating room noting the location 
sampled, the duration and concentration range of that sample. The entire 
procedure was from approximately 10:00 to 11 :00 a.m . 

Nitrous Oxide 
Location Sample Duration Concentrations 

approximately 1 foot above anesthesia 
machine, early in procedure 7 minutes 250-500 ppm 

near surgeon, leading up to tie-off 
of ovaries 7 minutes 300-400 

near dogs mouth, 5 minutes after 
ovaries tied off 3 minutes 550-650 

above operating table 4 minutes 350-450 
near dogs mouth, 1-4 min. before 

starting to close 3 minutes 300-700 
breathing zone of surgeon during 

close, dog on its own respiration 2 minutes 200 
near dogs mouth, not forced respiration 3 minutes 200-250 
breathing zone of anesthetic technician 

final 3 minutes dog was on table 3 minutes 350-500 

During a portion of this procedure a quantity of nitrous oxide was released 
by a defective endotracheal tube. This exposure was disregarded since it 
was atypical. However, gas that escaped during this time probably resulted 
in higher readings throughout the rest of the procedure. 

Thirty minutes after the dog had been removed from the operating table, 
the nitrous oxide concentration in the room dropped from approximately 
500 ppm to below 25 ppm, and ten minutes later the concentration was 
below the limit of detection {approximately 5 ppm). 
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The second procedure monitored for nitrous oxide was performed on a cat 
and lasted approximately ten minutes. For this procedure a face mask 
was used to anesthetize the animal. For a four-minute period during 
the initial administration of anesthetic the concentration of nitrous 
oxide near the face of the cat was found to range from 500 to greater 
than 700 ppm. A six-minute period during the procedure found concen­
trations 175 to 400 ppm in the breathing zone of the surgeon and technician. 

Samples for halothane and methoxyflurane ranged from below the limit 
of detection of current analytical methods (approximately 0.02 ppm) to 
a maximum of 3.1 ppm for halothane and 0.9 ppm for methoxyflurane. 
The combined exposure of halogenated anesthetics ranged up to 3.2 ppm, 
with 3 of the 24 samples being above the 2 ppm level recommended as 
an occupational exposure limit. These three samples, all taken in the 
morning of August 22, were 2.2 ppm, 3.2 ppm, and 2.7 ppm and were 
located on the veterinarian-surgeon, on the anesthetic technician 
and at a stationary location in the operatinq room, respectively. All 
were primarily halothane exposu~e. Table 2 shows the results of all 
samples ~aken for halogenated anesthetic. 

General exhaust ventilation in the areas tested appeared to be adequate 
both from the measurements taken (a flow greater than 2,000 CFM was 
measured at the system inlet) and from the dissipation of residual anesthetic 
gas. No measurements of air flow were taken at the local exhaust system 
designed as a scavenge for the pop-off valve, but the flow of air could 
be felt on the hand, and given the design of the system, this would seem 
adequate. 

E. Summary and Conclusions 

Findings of this evaluation indicate that the veterinarian/surgeon and 
the anesthesia technician were exposed to concentrations slightly in 
excess of the recommended standards for both nitrous oxide and halogenated 
anesthetic on an 8-hour time weighted average basis on the d~ys of this 
evaluation. One other person, an observer, had an exposure at the recom­
mended standard for halogenated anesthetic. 

No other employees were found to be over-exposed to halothane or methoxy­
flurane. While full shift sampling was not conducted for nitrous oxide 
on these other employees, testing was done durinq the times considered 
to be the hiqhest exposures, and observations of work practices and 
operating schedules indicates that exposures to nitrous oxide on a time­
weighted average basis would be below the recommended standard for technicians 
and office personnel. 

It can be seen from Table l, however, that nitrous oxide concentrations 
ranged up to 340 ppm. The fact that time weighted average exposures 
are so low is due primarily to the short exposure time. The following 
recommendations should help reduce peak concentrations and consequently 
time weighted average exposures. This in turn would permit safer long­
term exposures should work loads change so that any individual was exposed 
for more time than is currently standard practice. 
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V. RECOMMENDATIONS 

Since a scavengi ng system was available and in use during all procedures 
when inhalation anesthetic was used , and general room circulation is 
adequate, the majority of the recommendations airned at reducing waste 
anestheti c gas concentrations falls into the category of work practices . 

Anesthesia equipment should be checked and maintained on a regular bas i s. 
Face masks , tubing, br.eathing bags and endotrachi a 1 tubes should be 
visually checked for cracks and other leak sources. Both high and low 
pressure components should be leak tested . The high pressure components, 
from nitrous oxide and oxygen supply up to flow meter control valves , 
can be tested by applying soap solution to all connections and observing 
any bubbles . This should be done quarterly . Low pressure components, 
including breathing bags and tubing , can be tested using the procedure 
presented in Appendix I of the NIOSH Criteria Document on Waste Anesthetic 
Gases ( 1): 

' 
(a) Assemble the anesthesia machine as in the usual manner for 

clinical anesthesia with breathing tubes, Y-piece, breathing bag , and 
high-pressure hoses or cylinders connected. 

(b) Occlude the Y-piece securely with the thumb or palm of hand . 

(c) Pressurize the breathing system to 30 cm water , observed on 
the absorber pressure gauge. This may be accompl ished by using the oxygen 
flush valve . 

(d) Add a sufficient flow of oxygen through the low-range flowmeter 
to maintain a constant pressure of 30 cm water in the breathing system. 
The oxygen flow required to maintain the pressure is a measure of the 
leak rate. This test may be abbreviated by using an oxyqen flowrate of 
100 ml/minute . If pressure in the system increases, the breathing system 
is below the maximum al lowed l eak rate . 

(e) Determine the presence of check valves downstream from the 
flowmeters by consulting the manufacturer or a serviceman . These valves 
must be tested differently . With oxygen flowing as indicated in (d), 
briefly turn off in turn each flowmeter which is equipped with a check 
valve until there is a rise in pressure on the absorber gauge. An increase 
in pressure indicates absence of leakage in the circuit tested . The low 
pressure leak rate should be belo~ 100 ml oer minute . 
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Small components such as breathing bags and hoses can be leak tested 
separately by pressurization, immersion in water and observation of 
any bubbles. In situations where this is not practical, it is recom­
mended that fittings and seals be checked p~riodically to make sure 
gaskets and o-rings are in place properly, that connections are tight 
and not worn, and that moisture or chemical action has not caused 
corrosion or degradation of materials. Typical places to check, and 
where leaks have been found in other studies, include the seals at 
the domed unidirectional valves, seals at the top, bottom and center 
of the C02 absorber, and fittings where the breathing tubes connect to 
the machine ·and to the "VU piece . 
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Tab le I 

Nitrous Oxide Concentrations 
Mesa Veterinary Hospital 

August 22 & 24, 1977 
RHE 77-85 

Location 
August 22 

Reception Area 
Surg ical Preparation Area 
Veterinari an/Surgeon 
Anesthetic Techni cian 
Smal l Surgery Room 
Veterinarian/Surgeon 
Anesthetic Techn ician 
Surgical Preparati on Area 

{l-3 houri after procedures) 
( 

August 24 

Anesthetic Technician 
Large Surgery Room 
Veterinari an/Surgeon 
Large Surgery Room 
Anestheti c Technici an 
Veterinari an/Surgeon 

\ 

Time 

9 :20 - 11: 00 
9:20 - 11 :00 
9:25 - 10:55 
9:20 -11 :00 

1 0 : l 5 - 11 : 00 
11 : 00 - 11 : 30 
11 : 00 - 11 : 30 

1:30 - 2:30 

9: 50 - 11 :00 
1 0: 50 - 11 : 20 
l 0: 00 - l 0: 40 

9: 55 - 11: 35 
11 :05 - 11 :25 
10: 40 - 11 :20 

Concentration 

<5 ppm 
50 

160 
260 
180 

60 
50 

<5 

180 
11 0 
190 
340 
130 
200 



... . . 
~ 

Table 2 

Hal ogenated Anestheti c Concentrations 

Mesa Veterinary Hospital 
August 22 & 24, 1977 

Concentrati on (ppm) 
Date Locat i on Time 

8/22 Surgical Prep. Area 1 0: 1 0-11 : 30 
Smal l Operating Room 10:15-11 :30 
Reception Room Desk 10 : 10- 11 : 30 
Anesthet ic Technici an 10 : 1 0-11 : 40 
Vet/Surgeon l 0: 10- 11 : 40 
Near Surgery 09:40-11:40 
Technician 09:40- 11 :40 
Vet 01:40-04 :30 
Treatment Room 01 :40-04 :30 
Large· Operati ng Room 01 :40-04:30 
Vet/Surgeon 01:40-04:30 
Techn ici an 01:40-04:30 

8/24 Vet/Surgeon 08:40-11:30 
Technician 08 :55-11 :30 
Observer 08 :40-11 :40 
Observer 09':05-11 :20 
Anesthetic Techn ic ian 09:00-11 :40 
Surgical Prep. Area 09:05-11 :30 
Technician 01:45-03 :45 
Vet/Surgeon 02 :20-03:45 
Surgi cal Prep Area 01:45-03 :45 
Large Operati ng Room 02:20-03:45 
Large Operating Room 03 :1 5-03:45 
Vet 02:55-03:45 

*A = Area sample 
P - Personal Breathing Zone sample 

\ 

~* 

A 
A 
A 
p 
p 
A 
p 
p 
A 
A 
p 
p 

p 
p 
p 
p 
p 
A 
p 
p 
A 
A 
A 
p 

····< 

,'·?~tc~·,. · · 
:' : . . 

Halothane 

0.9 
2.7 
0.3 
3. 1 
2 .1 
0.8 
0. 04 
0.2 

<0.04 
<0.04 
<0. 04 
<0.04 

0.9 
0.6 
1. 9 
1. 3 
1. 0 
0.8 

<0.05 
<0. 07 
<O. 05 
<0.08 
<0.02 
<0.02 

·. 
.. 
. . ~ .. 

~·· 

Methoxyfl urane 

0.08 
<0.08 
<0.05 
0. l 
0.1 
0. 1 

<0.05 
o. l 
0.2 
0.4 
0.4 
0.5 

0. l 
0.2 
0.3 
0.2 
0.2 
0.1 
0.8 
0.9 
0.3 
0.9 
0.05 

<0.02 

Total 

1. 0 
2.7 
0.3 
3.2 
2.2 
0.9 
0.04 
0.3 
0.2 
0.4 
0.4 
0.5 

1. 0 
0.8 
2.2 
1. 5 
1. 2 
0.9 
0.8 
0.9 
0.3 
0.9 
0. 05 

<0. 04 


